Abstract Trials were carried out in apple orchards of two different training systems to assess the relationship between spray drift and parameters of spraying with an emphasis on the sprayer's travel speed when applying different solutions, such as pesticides or fertilizers, onto the apple trees. The assessments were based on the following factors: per cent of spay drift, two sprayers (axial-and radial-fan sprayer), two training systems (super spindle and modified slender spindle), spray droplet size (fine or coarse droplets) and the sprayer's travel speed (5 vs. 10 km h -1 ). The studies were conducted in the spring and summer seasons under similar external weather conditions to test any seasonal effects that might occur. In this paper, all tested factors and interactions were found to have a significant effect on the spray drift during spray application. For instance, the increase in sprayer speed reduced the spray drift percentage. Other factors, such as sprayer type (axial fan and radial fan) and tree training system, had an impact on spray drift as well.
Introduction
The intensive use of different varieties of agrochemicals is one of the attributes of modern orcharding. Fruit tree plantations are special types of facilities for industrial agricultural production, which may pose an environmental threat in form of aerial drift, surface run-off and leaching of pesticides, fertilizers and other applied agrochemicals. Apple orchards are treated with pesticides 15-25 times per season. The high frequency of pesticide application represents one of the most serious pollution threats to the neighbouring environment among all the various agricultural production systems. Large plantations are often situated close to urban areas and close to sensitive nature areas; therefore, constant improvement in pesticide application techniques is needed to prevent pollution related to drift during the application of pesticides in orchards. Nowadays, tractor-driven air blast sprayers are the most frequently used devices for pesticide application in orchards. These produce an air jet for projecting spray into the tree canopy. The plume of pesticide spray produced by a sprayer often does not completely match the tree canopy geometry. It frequently partially misses the tree canopy and is accelerated upwards into the air above the canopy or passes through the target canopy (Cross 1991) . This causes an exo-drift, which is defined as the physical movement of pesticide droplets or particles through the air from the target site (the orchard) towards any non-target sites like adjacent vegetation, other crops, water bodies and residential areas (Matthews 2000) . In modern apple plantations, 25-35 kg of active pesticide ingredients is usually applied per hectare per season (Garthwaite et al. 2010; Urek 2012) . Approximately 1-4 % of the applied hectare rates of pesticide drift beyond the orchards to the neighbouring areas (Ganzelmeier et al. 1995) . The drift regulations oblige farmers to carry out all possible drift mitigation and reduction measures (adaptation of the sprayer's operational settings, use of drift-reducing nozzles, application of spray with shields and other).
Pesticide drift-reducing technology most often refers to designing application equipment or chemical product formulation but does not always integrate the specific ways of equipment usage. The sprayer forward speed represents one of the basic sprayer operation settings that influence sprayer performance. Changes in the sprayer forward speed influence its spray deposition pattern and drift characteristics. For economic reasons, the acreages of orchard farms are increasing constantly, and growers are seeking all possible means of time and cost savings. Pesticide application operations often have a very limited time frame because of weather conditions, dependence on specific development stages of diseases and pests, the limited period of curative activity of fungicides and other reasons. One way to gain time and cost savings on pesticide application is to increase the sprayers' travel speed. Information about optimum sprayer speed is important for growers because of spraying economics as well as its potential effect on drift reduction (Triloff 2005 ).
An increase in sprayer travel speed influences the geometry of the sprayer air plume and its movement through the tree canopies and the orchard environment (Whitney and Salyani 1991) . When calibrating sprayer settings, the advice that the air velocity and sprayer air flow rate need to be increased when moving faster is usually followed. As forward speed rises, the spray air plume can be diverted backwards into upwards wind currents and vortices behind the sprayer. This can be advantageous, especially in the spring when there is little foliage on the trees. When the air stream bends backwards, it lingers longer in the canopy; it thus improves deposition and also decreases drift (Derksen et al. 2006) . On the other hand, this can increase the variability of deposits within the tree canopy and ground deposition beneath and between tree rows (Świechowski et al. 2004; Sehsah 2007) . Ground deposition inside the orchard is identified as internal drift (endo-drift). In the literature, there are few data available describing the interactive effects among sprayer speed, sprayer operating setting, tree canopy structure and spray drift to adjacent areas for modern plantations with dwarf apple trees (Jejčič et al. 2011; Triloff 2011) .
In many field experiments with field boom sprayers, it was found that increasing the sprayer speed increases the drift (Arvidsson 1997; van De Zande et al. 2005; Nuyttens et al. 2006) . Similar findings were published for air blast sprayers during pesticide application in vineyards (Celen et al. 2008) . In orchards, different interactions are expected between travel speed and drift than in the field crops. According to most literature claims, drift in orchards decreases with an increase in sprayer travel speed (Fox et al. 1990; Walklate et al. 1996; Sehsah 2007; Triloff 2005 Triloff , 2011 . It seems that there is a very complex relation between sprayer forward speed, tree canopy structure and sprayer drift characteristics. That relation has not yet been studied in detail in the past. The main factors that govern spray drift during the spray application of pesticides in orchards are as follows: weather conditions, sprayer operating parameters, droplet size, type of sprayer, the characteristics of its air plume and the characteristics of tree canopies (Ganzelmeier et al. 1995; Derksen et al. 2006 Derksen et al. , 2007 .
A certain level of spray drift during pesticide application in orchards is inevitable. Because pesticide drift is of legal and public concern, all possible drift-reducing measures need to be employed during any application.
The aims of this research were as follows: (1) to improve understanding of interaction between sprayer travel speed and the amount of spray drift in modern apple orchards planted with dwarf trees and (2) to check whether an increase in sprayer travel speed reduces drift so significantly that the increased speed could be considered an important measure for pesticide spray drift reduction during pesticide application in apple orchards.
Drift assessments were conducted in the orchards owned by the Experimental station of the University of Maribor (Hoče near Maribor, Slovenia) during the 2012 season.
Materials and methods

Treatment area description
The orchard where the trials were carried out was established on a flat field and consisted of two blocks, each measuring 0.7 ha. In the first section, 'Fuji' apple trees were trained as super spindle trees (SSP), and in the second section in a form of modified slender spindle tree (MSP). The tree characteristics are shown in Table 1 . The rows of trees in block 1 were 2.8 m apart and in the second block, 3.8 m apart. For determining the leaf area index (LAI), half the leaves were first clipped from several trees involved in the experiment. Then, the area was calculated by scanning each leaf separately on a Samsung scanner and applying our own software, entitled 'Leaf area calculator'. Finally, the double total area of the leaves collected per tree was divided by the ground area belonging to the individual tree.
On the left side of the orchards, there were fields, and on the right side, the meadow where the drift collectors were placed. The test site was set up, and drift was measured according to the ISO/FDIS 22866 standard (Anonymous 2005) .
Statistical design
The field trial was designed as a factorial trial, with five factors studied at two levels in five replications, as follows: 1-type of sprayer (axial and radial fan), 2-tree training system (super spindle and modified slender spindle), 3-vegetation period (spring or summer), 4-sprayer travel speed (5 and 10 km h ) and 5-droplet size (fine droplets VMD 150-170 lm and coarse droplets VMD 450-470 lm). The VMD (droplet volume median diameter) refers to a value where 50 % of the total volume or mass of liquid sprayed is made up of droplets larger than this value, and 50 % made up of droplets smaller than this value (Matthews 2000) .
The analysis of variance for repeated measures (ANOVA) was performed for factorial design by using the Statgraphics Centurion XVI software (StatPoint Technologies, Inc. Warrenton, USA). The multiple comparison LSD test (Fisher's least significant difference; P \ 0.05) was used to determine the significance of differences among drift means. A standard deviation (SD) was calculated for all means. The homogeneity of variances was tested prior to analysis, and there was no need for data transformation.
Tested sprayers, nozzles and operating parameters Two sprayers that were driven by tractor power take-off were tested. The parameters of spray application (type of nozzles, operating pressure, flow rates and droplet size) are presented in Table 2 . The first was the Unigreen Turboteuton (4 ? 4) radial-fan sprayer produced by the Unigreen company (Italy) (Fig. 1) . Air is fed to spouts on both sites of the sprayer (4 ? 4 spouts). The air jets generated by the radial fan had a velocity of 52.5-53.5 m s -1 measured at a 20 cm distance from the edge of the spout. It was determined by using a vane anemometer Schiltknecht MiniAir20 (Schiltknecht Messtechnik AG, 8625 Gossau/ZH, Switzerland). The spouts can be adjusted to direct the air into the desired layer of the tree crown. In our case, the spouts were directed perpendicularly to the tree canopy. During the tests, the fan capacity was 19.500 m 3 h -1
. This sprayer will be referred to as radial sprayer.
The Agromehanika 400 ENU sprayer (Agromehanika, Kranj, Slovenia) is a typical axial sprayer with a fan (U 825 mm) (Fig. 2) . The ENU acronym stands for the air jet deflector equipped sprayer. This sprayer will be referred to as standard axial sprayer. The air flow rate capacity of the sprayer was set to 20.100 m 3 h -1 , and its fan produced a jet with a velocity of 31.3-31.7 m s -1 at 20 cm distance from the edge of the housing (Table 3) .
The fan settings (rotation speed and capacity) of both sprayers remained the same for all treatments. The position and structure of the sprayers can be seen in Fig. 1 .
Standard ATR hollow-cone and TVI hollow-cone driftreducing nozzles produced by the Albuz company (SaintGobain, France) were used for all the tests. The ATR and TVI acronyms were appointed by the manufacturer Albuz (see http://www.albuz-spray.com/en/busesenceramiqueceramicnozzles-boquillasdeceramica).
ATR nozzles produce fine droplets, which are prone to drift, and TVI nozzles produce large drops, which do not drift out of the spraying zone. The operating pressures during the test were set in a such way that the nozzles were producing either fine droplets (VMD 150-170 lm) or coarse droplets (VMD 450-470 lm). The data on the VMD (droplet volume median diameter) values for a specific operating pressure were provided by the Albuz company.
Conduct of field assessments of drift
The spraying zone for each of the two orchard blocks had a dimension of 80 m 9 20 m. On the 50-m-long spraying route, six passes of the tractor were repeated for each individual assessment (see Fig. 2 ). The test was performed in conditions with heavy wind to get enough deposit on the collectors, which had a small collecting surface; thus, a windy day was awaited to have a suitable wind speed between 4 and 5 m s -1 , with a constant direction perpendicular to the tree rows of the test orchard. The wind conditions during the spring (BBCH 15, before blooming) and summer periods (BBCH 78-79, fruit about 80 % final size) were similar. Tree growth stage was described according to the BBCH scale (Meier 1997) . During each spray application, the meteorological date were recorded by the AMES RVM 96C meteorological station and using the AMES VMT 107 A wind speed and wind direction sensor (Ames, Slovenia). The wind speed was measured at heights of 150 and 300 cm (inside the last tree row) and also at 450 cm (above the last tree row). The sensors were mounted on a pillar placed in the last row of the test zone (see Fig. 3 ). The wind speed and direction remained stable long enough to ensure that conditions were comparable during all assessments. All the tests were made by spraying plots of six tree rows with a solution of water and yellow Tartrazine E102 (10 g L -1 ) (ETOL, Celje, Slovenia) and plastic trays (20 9 30 cm) served as drift collectors. These were placed horizontally on the cut grass in five parallel rows and were oriented perpendicularly to the last tree row of the orchard, at distances of 0, 1, 2.5, 5, 10, 25 and 50 m (see Fig. 2 ). Other plastic trays were also placed exactly in the middle between the tree rows and under the trees. The trays were collected immediately after the spraying and placed in black cardboard boxes to prevent access to sunlight and photochemical decomposition of the dye. The Tartrazine dye was extracted from the trays by filling them with distilled water and leaving them to soak for 30 min.
The concentration of tartrazine in the extracted water was determined using a Varian Carry 50 spectrophotometer (Varian Inc., USA), performing readings at a 430-nm absorbance level. From the solution concentrations obtained by photospectrometeric analysis, the amount of spray drift collected by the trays was calculated. Measured ground spray deposit (Md) on the collectors was expressed in lg cm -2 . Drift (D %) was expressed as drift percentage and calculated as the ratio between measured Tartrazine deposit (Md) and theoretical Tartrazine deposit (Td) according to the Yarpuz-Bozdogan and Bozdogan method (2009). The Td was calculated according to Eq. 1 and D (%) according to Eq. 2, where sv refers to spray volume (500 l ha -1 ), dc to tartrazine dye concentration (10 g L -1 ) and sa to sprayed area (10.000 m -2 ): ) and position (UT-under trees and BR-between tree rows). Means marked with the same capital letters do not differ significantly, according to the LSD test (P \ 0.05), when comparing the effect of droplet size (FD vs. CD) at a specific speed and position.
Means marked with the same small letters do not differ significantly, according to the LSD test (P \ 0.05), when comparing the effect of travel speed (5 vs. 10 km h -1 ) at a specific position (UT vs. UT, BR vs. BR and 1 vs. 1 m) and specific droplet size (FD vs. FD and CD vs 
Results and discussion
Statistical significance of factors tested
The results of the ANOVA test for factorial design (five factors and their interaction) are presented in Table 4 . As can be seen, all tested factors (type of sprayer, tree training system, tree growth stage, sprayer travel speed and droplet size) had a significant effect on the spray drift percentage. Besides, the majority of first-order interactions were significant at all positions analysed. This proves that sprayer travel speed influences drift significantly; furthermore, the interactive effects differ in magnitude for applications carried out with different combinations of sprayer, training system, droplet size and vegetation period. In particular, interaction between the type of sprayer and the type of tree training system was highly significant (see Table 4 ; BxD). Interaction between the tree growth stage and the travel speed of the sprayer was also highly significant. The interaction between the tree training system and the sprayer travel speed was significant only from 5.0 m onwards, which means that the effect of increased travel speed on the spray drift percentage was similar for both training systems.
Results of drift assessment during spring applications
The spring applications were performed at the beginning of the blooming stage (BBCH 15) when the trees had low spray filtering capacity. During that period, we expected high levels of drift. The trial was performed under a strong side wind (4-4.5 m s -1 ). Tables 5 and 6 present the spray drift percentages for the specific positions where the Tartrazine tracer ground deposits were measured. Table 5 contains data for small droplet spraying (VMD 150-170 lm) and Table 6 for spraying with coarse droplets (VMD 450-470 lm).
Firstly, it was noticeable that the drift was reduced by more than 50 % at most of the analysed positions outside the orchard whenever coarse spraying was used. That result was expected because it is well known from the literature that drift can be reduced by increasing the droplet size (Cross et al. 2001; Yarpuz-Bozdogan and Bozdogan 2009) . The ground deposits inside the orchard (BR-between rows) during coarse spraying were higher for both sprayer types, travel speeds and tree training systems when compared to fine spraying (compare BR data from Tables 5, 6 ). A separate presentation of data of ground deposits in relation to the sprayer travel speed and droplet size can be seen in Fig. 3 . Data presented in Fig. 3 are averages of data combined for both types of sprayers. For example, in the super spindle orchard (5 km h -1 speed, fine droplets) the BR deposit amounted to 42.9 %, while during spraying with the coarse droplets, it amounted to 45.9 % at the same speed. These results agreed with the findings of other researchers (Derksen et al. 2007; Sehsah 2007) , who also found that coarse spraying resulted in higher ground deposits inside the orchard when compared to spraying with fine sprays. This is a negative effect of coarse spraying. The same was observed for drift at 1 m distance from the last row of the orchard during applications with the axial sprayer (see Fig. 3 ; 1 m). It is known from the literature that at a short distance from the orchard edge, drift values determined for spraying with coarse droplets could be equal to, or even higher than during spray consisting of fine droplets (Heijne et al. 2002) . Heijne et al. (2002) did a comparison of the drift rate between standard and the drift-reducing (air-inclusion) nozzles and found that the drift-reducing nozzles (Albuz TDM nozzle) did not reduce spray loss on the ground in a range of 3-7 m from the last tree row when compared to spray loss determined during spraying with the fine droplets discharged from the standard Albuz ATR nozzles. The results of this study partially match with those of Heijne et al. (2002) for the range of 1 m but not for other positions analysed. The findings mentioned above show the weak point of coarse droplet spraying and suggest that coarse droplet spraying does not solve the problem of protecting sensitive areas (water courses, walking paths, adjacent vegetation, etc) nearby the orchard edge. If the BR ground deposit increases due to the increase in droplet size, then the ecological benefits of coarse droplet spraying are poorer. The exo-drift is reduced without a doubt, but at the cost of increasing the endo-drift, when the soil deposit inside the orchard (endo-drift) increases the possibilities for pesticide surface run-off or leaching also increase, as reported by Ross et al. (1997) . This is especially true for orchards that have a wide herbicide-treated belt under the trees (bare soil), which are established on slopes, on gravel and on sandy soils or are irrigated . The results show the complexity of the interactions among the parameters of spraying. The use of drift-reducing nozzles as a drift reduction measure without understanding the interactions with other factors (structure of orchard and application equipment settings) does not provide as high a level of environmental protection as usually expected. When comparing the average spray drift percentage for 5 and 10 km h -1 travel speeds, we can see that increasing the sprayer travel speed decreases the spray drift percentage at most of positions inside and outside the orchard (compare data for 5 and 10 km h -1 speed in Tables 5, 6 ). For example, increasing the travel speed from 5 to 10 km h -1 decreased the average drift at 25 m during fine spraying by 49.5 % (from 4.97 to 2.51 %) and by 63.6 % (from 2.2 to 0.8 %) during coarse spraying (see Tables 5,  6 ; 25 m). These results are similar to those obtained by Sehsah (2007) , who found that a travel speed of 12 km h -1 reduced drift by 95.1 % compared to travel speed of 6 km h -1 by using Albuz AVI80015 nozzles, which are comparable to the Albuz TVI80015 nozzle tested in our trials. Additionally, Fox et al. (1985) and Walklate et al. (1996) found that sprayer travel speed induced bending of the air jet, which reduced spray drift and increased total spray deposition on the trees.
The average spray drift percentages determined during spraying with the radial-fan sprayer were significantly lower at most of positions than in the case of spraying with the axial-fan sprayer in both spray droplet size categories (fine or coarse). The same type of nozzle was mounted in both sprayers (both fine and coarse), and the initial sizes of droplets at air outlet from both sprayers were the same. For example, during the fine spraying, drift at 25 m distance amounted to 4.21 % during axial-fan spraying and 22.3 % less (3.27 %) during radial-fan spraying (see Table 5 ; 25 m). In contrast, in the case of course spraying, drift amounted to 2.14 % during axial-fan spraying and to 0.90 % during radial-fan spraying, which represented 57.9 % less drift (see Table 6 ; 25 m). The main reason for these differences between the two sprayers lies in the orientation of air jet and stability of the kinetic energy of the sprayer air jet. Differences among air jet characteristic of sprayers using different fan technologies can nowadays be successfully described by using the three-dimensional computational fluid dynamics modelling (CDF) based on the Lagrangian particle transport concept. Some CDF models for describing the differences in kinetics of air jets produced by axial-fan or radial-fan sprayers with the aim to support the technical improvements at drift reduction are being developed (Delele et al. 2007; Endalew et al. 2011 Endalew et al. , 2012 . During the development of the mentioned models, the same type of ATR nozzle was used as in our research and that showed that the droplet trajectories and the disintegration pattern of droplets sprayed in the air jets of axial or radial fan are different because of the differences in initial air velocities, shape of plum and in the pattern of air plum kinetic energy dispersal and decline. Differences are usually visually presented by vertical profiles of the Cartesian velocity components and by 3-D plots of air velocity isosurfaces (see Endalew et al. 2012 ). This research shows that the kinetic energy of axial-fan sprayer plum at the top of the canopy and above it is significantly higher than in the case of radial-fan sprayers with spouts and that also the density of droplets in the air jet above the canopy is higher in the case of axial-fan sprayers. This directly reflects in higher off-target deposition of axial-fan sprayers. The positions and orientations of the nozzles are also different when we compare the standard settings of an axial-fan or radial-fan sprayer. Differences in disintegration patterns and consequently in droplet mass density per unit volume were proven and well visualised during the research work of Delele et al. (2007) . Axial sprayers usually have a higher droplet mass density above tree canopies, when compared to radial sprayers with air spouts operating at equal air volume capacity.
In the case of the radial-fan sprayer, in our trial, we used the air jet that could be directed much more accurately than the axial-fan sprayer (jet comparison of both sprayers in Fig. 1 ). In the super spindle orchards with narrow tree distances, as at the test site, the air jet needed to be angled steeply to the top of the trees; otherwise, low spray deposits would be recorded at the top layer of the trees. This technical weakness of axial sprayers is well known. It promotes more drift, especially if we have tall trees (3.5 m) planted at a very narrow row distances (2.8 m). For the sake of good biological efficacy of pesticides at tree top positions, we risk a significantly higher level of orchard adjacent area pollution. During the axial-fan spraying in our experiment, the air jet angle was much steeper than during radial-fan spraying; thus, the part of the air stream missing the top of the green wall was relatively higher when compared to the same effect during radial-fan spraying. The main reason is traceable to the axial-fan sprayer's air characteristics, with its large volume and low velocity. This is a contrast to the radial-fan sprayer, which usually has a lower air volume and higher air velocity. Thus, the jets produced by the axial sprayers penetrate the tree canopies more efficiently and maintain the initial air direction much longer than those from the radial sprayers (Cross et al. 2003 ). These differences are commonly known and have been described by several authors (Derksen and Gray 1995; Cross et al. 2003; Ś wiechowski et al. 2004) .
The air flow rate of the axial-fan sprayer (20.100 m 3 h -1 ) was not much higher than that of the radial fan (19.500 m 3 h -1 ); it was therefore assumed that the air jet orientation had a more important influence on the determined drift than the difference in the air flow rate.
When comparing the average spray drift percentage (Tables 5, 6 ) during the spring trial on the super spindle (SSP) and the modified spindle (MSP) orchards, it could be seen that the training system had a significant impact on the amount of spray drift (see comparisons between SSP and MSP in Tables 5, 6 ; Fig. 4 ). The canopy of the MSP trees had greater filtering capacity than the canopy of the SSP trees even at an early development stage; the drift values were therefore lower in the MSP orchard than in the SSP orchard at all positions analysed (see Table 5 SSP vs. MSP; Fig. 4 ). For example, during fine spraying of the SSP trees, drift amounted to 5.18 % at a distance of 25 m and to only 2.30 % for the MSP trees. During the coarse spraying trial, drift amounted to 2.22 % for the SSP trees at a distance of 25 m, and only 0.82 % for the MSP trees (see Table 6 ; 25 m SSP vs. MSP). Thus, during spraying with coarse droplets in the MSP orchard, drift at a distance of 25 m was 63.6 % lower than in the SSP orchard (compare Tables 5,  6 ; MSP; 25 m). Differences in deposits between the tree training systems lead us to the conclusion that the adaptation of tree structures has the potential to reduce drift. Trees of border rows of orchards should be trained in a different way as the ones inside the orchard to increase their filtering capacity. The combination of high trees (more than 3 m) and very narrow row distances (less than 3 m) facilitates the spray drift especially when using standard axial sprayers. Similar findings were also presented by Wenneker and van de Zande 2008 , Triloff 2011 and Bondesan et al. 2012 . With certain tree training systems, we can predispose orchards to become important pollution points. Sophisticated CDF models for describing influences of tree training systems on pesticide drift are being developed ). They will provide fruit producers with information on the adaptation of tree training systems (especially on the optimal ratio between canopy height and row distance) to different types of sprayers and about the possibilities of manufacturers adapting sprayer air outlets to tree canopies. A lot of measurements in actual orchard environments such as ours are still needed to validate models.
Results of drift assessments during summer applications
The results of the drift assessments during the summer period are presented in Tables 7 and 8 . During the summer test, a somewhat stronger wind was observed at a height of 450 cm and a weaker wind inside the tree canopies (see Table 3 ). Temperatures were 3°-4°higher than during the spring assessments. Deviations in meteorological conditions in comparison with the spring test were not excessive but did exist. By comparing Tables 5 and 6 with Tables 7  and 8 , it becomes evident that the average drift values are significantly lower during the summer assessments in comparison with those determined during the spring applications. This is due to the increased canopy density and filtering capacity of the trees during the summer. Thus, drift was 70-80 % lower during the summer in comparison with the drift measured in the spring. The relations among some studied factors (e.g. training system vs. sprayer travel speed and sprayer type vs. sprayer travel speed) were the same as in the spring tests, but not for all (e.g. training system vs. droplet size and sprayer speed vs. droplet size).
During fine spraying (VMD 150-170 lm), the effects of sprayer type and training system were significant for most of the positions analysed (see Table 7 ; axial vs. radial and SSP vs. MSP). The differences between the two sprayer types and two training systems were significant at BR as well as at the 2.5-50 m positions (see Table 7 ). The travel speed had a significant effect on drift during fine spraying in some but not in most positions. Differences were significant at 2.5 and 5 m positions (5.28 vs. 4.58 % and 1.82 vs. 1.48 %). As seen in Table 7 , in summer, the differences in BR and UT deposits were not significant at 5 and 10 km h -1 speeds during fine spraying (17.72 vs. 16.82 % and 10.92 vs. 10.06 %) ; this provides a contrast to the spring applications (Table 5; BR; 34.38 vs. 32.14 % and UT; 34.15 vs. 32 .14 %) when differences were significant. As a result of the speed increase from 5 to 10 km h -1 , the following drift reductions (average axial ? radial and SSP ? MSP) were determined during fine spraying: 1 m (9.52 %), 2.5 m (13.5 %), 5 m (18.8 %), 10 m (35.4 %), 25 m (34.8 %) and 50 m (35.5 %).
During coarse spraying, the relations among the given factors were slightly different to those determined during fine spraying (compare data from Tables 7, 8 ). Significant differences in the average amount of drift between axial-fan and radial-fan sprayers were detected at positions BR, 2.5, 10 and 25 m (see Table 8 ; axial vs. radial). When comparing deposits in SSP and MSP orchard, we can see that at most of positions, deposits were lower at MSP orchard. Those differences are again related to the greater filtering capacity of the MSP orchard and also to other undefined factors. It could be that internal orchard micro-weather conditions (atmospheric stability) and the higher resistance of the canopy to the air jet penetration altered the rate at Table 7 Mean drift percentages (% ± SD; n = 20) at specific positions in relation to the type of sprayer, tree training system and sprayer travel speed when spraying with fine droplets which the sprayer's jet bent backwards and upwards when compared to the spring conditions. Thus, the droplet disintegration patterns and ratios among droplet size spectra in the spray cloud were changed. These kinds of effects were shown to play an important role when comparing results of drift assessment between different types of sprayers and types of tree training systems (Walklate 1992; Miller et al. 2000) . The sprayer travel speed had a significant influence on the drift values during coarse spray only at distances from 2.5 to 10 m from the edge of the orchard (see Table 8 ). As a result of the speed increase from 5 to 10 km h -1 , the following average drift reductions (average axial ? radial and SSP ? MSP) were determined during coarse spraying: 1 m (7.14 %), 2.5 m (19.1 %), 5 m (20.7 %), 10 m (21.2 %), 25 m (23.8 %) and 50 m (11.1 %). These data demonstrate that the increase in sprayer travel speed significantly affected drift even during the summer period with the coarse spraying applications. The increase in travel speed decreased ground deposits inside of orchard, which might be speculating, because it is not significant (see Fig. 3 ; right side). We can only assume that the increase in sprayer travel speed has a potential to mitigate endo-drift, which is one of the main weaknesses of coarse droplet spraying. The effect of speed increase on ground deposit reduction was lower in magnitude in coarse spraying than in fine spraying.
The effects of droplet size on ground deposits inside the orchard were similar to the ones determined during the spring period (compare left and right side of Fig. 3 ). The coarse spraying did not result in that much higher endodrift, as was the case during the spring period. This was probably due to the interactive effect of increased filtering capacity of the tree canopy and lower side wind speeds inside the orchard at 150 and 300 cm heights (see Table 3 ).
The interactive effect of sprayer speed and tree training system was similar during the spring test. The drift at outside positions was lower in MSP trees, and the reduction rate due to the speed increase was slightly lower in the MSP orchard than in the SSP orchard (compare left and right side of Fig. 4) . The reduction rate due to the speed increase established during the summer period was lower than the one established during the spring period. The spring period is the most critical period for pesticide drift because the filtering capacity of trees is very low.
It is particularly common in spring that one is forced to spray many times because of longer periods of rainy weather and the short curative effectiveness of fungicides even when relatively strong winds are blowing (more than 1.5-2 m s -1 ). This study does suggest that an increase in sprayer travel speed can be considered one of the useful drift reduction measures, especially during spring spray applications, when tree canopy filtering capacity is low. On the other hand, one needs to be aware that the potential increase in sprayer travel speed is limited by the quality of spray deposition, which needs a certain level to ensure high biological efficiency of the pesticides, and by the topographic characteristics of the orchard terrain, which often limit the ergonomics of driving.
The results of this study indicate that an increase in sprayer speed from 5 to 10 km h -1 yields the following average reductions in spray drift percentages for specific downwind positions from the edge of an orchard planted with dwarf apple trees in the spring period: 1 m (6-11 %), 2.5 m (8-14 %), 5 m (9-19 %), 10 m (20-37 %), 25 m (60-70 %) and 50 m (60-80 %); and in the summer period: 1 m (5-9 %), 2.5 m (8-12 %), 5 m (10-15 %), 10 m (20-25 %), 25 m (20-25 %) and 50 m (10-13 %).
Conclusion
All tested factors had a significant effect on spray drift during the spray application in the apple orchard with dwarf trees. The relative significance of factors is different when comparing results of the spring and summer applications and is comparable with orchards trained in the form of super spindle (SSP) or the modified slender spindle trees (MSP). The increase in sprayer travel speed can be considered as an applicable drift reduction measure. The rate of exo-drift reduction due to the sprayer speed increase (from 5 to 10 km h -1 ) is higher during the spring applications when compared to summer applications.
The exo-drift reduction expectations consequent to the increase in sprayer travel speed are higher with the axialfan than with the radial-fan sprayer and higher in the SSP than in the MSP orchard. Regarding drift reduction, radialfan sprayers with air spouts can be considered as more suitable for spraying in modern orchards with dwarf tress than standard axial-fan sprayers.
More detailed research on endo-drift is needed. The interaction between sprayer speed, droplet size and endodrift is different in fine spraying compared to coarse spraying. Coarse spraying, which is a standard drift reduction measure, can result in significant increase in endo-drift. Decreasing exo-drift at the cost of increasing endo-drift is not a good approach for drift management in orchards.
